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INTEGRATED CIRCUIT INSULATOR AND
METHOD

BACKGROUND OF THE INVENTION

The invention relates to semiconductor devices, and, more
particularly, to integrated circuit insulation and methods of
fabrication.

Integrated circuits typically include field effect transistors
with source/drains formed in a silicon substrate and with
insulated gates on the substrate plus multiple overlying
metal (or polysilicon) wiring levels with an insulating layer
between the gates/sources/drains and the first metal level
wiring and between successive metal level wirings. Vertical
vias in the insulating layers filled with metal (or polysilicon)
provide connections between adjacent metal level wirings
and between the gate/source/drain and the first metal level
wiring. Further, the transistors are isolated from one another
on the substrate by insulation areas formed by oxidation.
This local oxidation of the silicon (LOCOS) substrate for
device isolation has problems including the “bird’s beak”
lateral encroachment into device areas by the isolating oxide
during its growth. This lateral encroachment occupies intol-
erably large fractions of the available silicon substrate area
as the transistor size decreases.

Shallow trench isolation for integrated circuits with lin-
ewidths of 0.25-0.35 um has been proposed as a solution to
the bird’s beak encroachment problem of LOCOS isolation.
In particular, Gosho et al, Trench Isolation Technology for
0.35 um Devices by Bias ECR CVD, 1991 VLSI Symp Tech
Digest 87, describes a process which first etches trenches in
a substrate and then fills the trenches with oxide by electron
cyclotron resonance (ECR) plasma enhanced oxide deposi-
tion. The deposition uses a gas mixture of silane (SiH,) and
nitrous oxide (N,O) and begins with the silane to nitrous
oxide ratio set to deposit oxide faster than it is sputtered off
for surfaces tilted less than 30 or more than 60 degrees from
the direction of ion bombardment from the plasma. Once the
trenches are filled (and large areas between the trenches have
accumulated thick oxide deposits), then the silane to nitrous
oxide ratio is adjusted to deposit oxide faster than it is
sputtered off for surfaces tilted about O or more than 80
degrees from the direction of ion bombardment. This second
step of plasma deposition basically contracts the oxide
deposits on the areas between the trenches. The photolitho-
graphically mask off the trenches and closely adjacent areas;
this exposes the oxide deposits on the areas between the
trenches. Lastly, strip these exposed oxide deposits to leave
oxide filled trenches. See FIGS. 3a—f illustrating this process
and FIG. 4 showing the sputter etch rate and deposition rate
depending upon surface tilt for two different gas mixtures.

Alternative trench isolation schemes include filling the
trenches with spin on glasses such as hydrogen silsesqui-
oxane (HSQ) or chemical vapor deposition using ozone plus
tetrathoxysilane (TEOS).

These approaches have problems including thermal
annealing for the HSQ and TESO and complex planarization
and possible ECR damage to trench edges.

SUMMARY OF THE INVENTION

The present invention provides a trench isolation scheme
using an inductively coupled high density plasma enhanced
deposition of oxide for trench filling along with chemical
mechanical polishing of the deposited oxide using part of the
trench etch mask as the polish stopping layer.

This deposition method has the advantages including
simple processing and avoidance of plasma ion bombard-
ment damage.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are schematic for clarity.

FIGS. 1a—f show in cross-sectional elevation views a first
preferred embodiment trench isolation method.

FIG. 2 shows a high density plasma reactor.

FIGS. 3a—f illustrate in cross-sectional elevation views a
prior art trench isolation method.

FIG. 4 shows deposition and sputter rates.

FIG. § illustrates in cross sectional elevation view pre-
ferred embodiment isolation in a CMOS structure.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First preferred embodiment trench isolation

FIGS. 1a—f illustrate in cross-sectional elevation views
steps of the first preferred embodiment method of forming a
trench isolation structure. for clarity of explanation, the
Figures only show a single trench and do not show any
doped wells or epilayers in the silicon substrate. Indeed,
FIG. 1a shows silicon substrate 102 with overlying 10 nm
thick pad silicon dioxide layer 104, 200 nm thick silicon
nitride layer 106, and patterned photoresist 108. Pad oxide
104 may be deposited or thermally grown, and nitride 106
may be desposited. Photoresist 108 would be about 1 um
thick and patterned to expose the portions of silicon sub-
strate to be etched to form the isolation trenches. The
trenches may be 0.3 um wide.

FIG. 15 illustrates the results of plasma etching with a
chlorine based chemistry of the structure of FIG. 1a. The
trench etched into silicon substrate 102 may be 0.5 um deep
and have a sidewall slope of 75 degrees. Thus trench 110
may have an aspect ratio of roughly 2:1. Avoid channel stop
implants into the trench sidewalls because these will reduce
the adjacent active device areas.

FIG. 1c¢ shows stripping of photoresist 108 followed by a
20 nm thick thermal oxidation 114 of trench 110 sidwalls
and bottom. The oxidation may be at 90° C. with a 5% HCl
atmosphere. This oxidation also rounds trench 110 corners at
the substrate surface, but nitride 106 prevents further oxi-
dation. Pad oxide 104 and nitride 106 will form a polish
stopping layer for later chemical mechanical polishing of the
insulating material used to fill trenches 110. Pad oxide 104,
nitride 106, and thermal oxide 114 form a continuous
coating of silicon substrate 102 and protects against plasma
ion bombardment in trench 110 filling step.

Next, insert the trenched substrate into inductively
coupled high-density plasma reactor 200, such as illustrated
in FIG. 2. Then deposit 0.9 um of oxide 120 by plasma-
enhanced deposition using source gasses silane, oxygen, and
argon diluent; see FIG. 1d. Plasma heating increases the
substrate temperature which is held by cooling at about 330°
C. The source gas flows are about 30 sccm SiH,, 40 sccm
O,, and 20 sccm Ar. The total pressure in the reaction
chamber is about 4 mTorr; but despite the low pressure, the
ion density is about 10**/cm?> for reactor 200 and the oxide
deposits at about 300 nm/min. Indeed, the deposited oxide
has high quality and does not need a high temperature
densification or cure anneal.

The high ion density derives from the inductive coupling
of rf source 201 with the feed gasses rather than the
traditional capacitive coupling or ECR coupling. The induc-
tive coupling in reactor 200 allows adjustment of the bias rf
capacitive voltage (which determines plasma potential for
ion bombardment of the substate) between the plasma and
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the substrate on chuck 202 without affecting the plasma
density. Set the bias about 1250 volts; this yields a deposi-
tion to sputter ratio of about 3.4 (for surfaces tilted 0 degrees
from the ion bombardment direction). This insures filling
trenches 110 without removal of oxide 104-114 and expo-
sure of silicon substrate 102 along trench 110 sidwall tops to
plasma ion bombardment; this limits leakage along trench
110 sidealls.

An alternative does not grow oxide 114 but rather begins
trench 110 filling deposition with no bias to yield a confor-
mal layer (no sputtering) of oxide without damage to silicon
substrate 102 and then ramps up the bias voltage to insure
trench 110 filling by oxide 120. In effect, the initial zero or
low bias plasma enhanced deposition of oxide to a thickness
of 20 nm provides the protective liner for trench sidewalls
and the subsequent higher bias deposition fills the remainder
of trench 110.

Modifying the source gas flow rates and total pressure can
change the deposition rate and the oxide quality.

Then remove the portion of oxide 120 outside of trenches
110 by applying chemical-mechanical polishing (CMP)
using nitride 106 as a polish stopping layer; see FIG. le
showing oxide 122 remaining in trenches 110.

Lastly, strip nitride 106 with phosphoric acid or a selec-
tive plasma etch. FIG. 1f shows the final isolation structure.
Subsequent processing will form transistors and other
devices, insulating layers, and interconnection wirings to
complete an integrated circuit.

FIG. 2 shows reactor 200 in schematic cross sectional
elevation view as including high density plasma (HDP)
source 201 powered by an RF generator with a maximum of
3500 watts output, movable chuck 202 for holding wafers,
and chamber 204. Chuck 202 has a helium backside gas feed
for wafer temperature stability during processing and is
powered by a capacitive RF generator with a maximum of
2000 watts output. Chuck 202 can hold a single 8 inch
diameter wafer. Control of the RF power to HDP source 201
controls the plasma density, and control of the RF power to
chuck 202 controls the bias developed between the plasma
and the wafer and thus controls the ion energy for ions
bombarding the wafer. The RF power to chuck 202 is small
for the low bias deposition initial portion of the first pre-
ferred embodiment method and increases for the high bias
deposition final portion.

Integrated circuit

FIG. 5 shows the first preferred embodiment trench iso-
lation structure 502-512 for a twin-well CMOS integrated
circuit with NMOS transistors 522-526 and PMOS transis-
tors 532—534. Overlying insulation and interconnection lay-
ers have been omitted from FIG. § for clarity.

Modifications and advantages

The preferred embodiments may be varied in many ways
while retaining one or more of the features of inductively
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coupled high density plasma oxide filled trenches and use of
the nitride etch mask portion as a CMP polish stopping layer.

For example, the dimensions of the trenches could be
varied, such as 0.25-0.35 ym minimum width and 0.35-0.7
um depth with sidewall slopes 70-80 degrees; the layer
thicknesses could be varied, such as pad oxide thickness in
the range 7-15 nm, nitride thickness 150-250 nm, and so
forth; the source gasses for the oxide deposition could be
varied and include silane, dichlorosilane, ozone, nitrous
oxide, and so forth; the bias during plasma deposition could
be ramped up from a low bias and still insure trench filling.

What is claimed is:

1. A method of trench isolation fabrication, comprising
the steps of:

(a) forming a polish stopping layer on a silicon substrate;

(b) patterning said polish stopping layer;

(c) forming trenches in said substrate where said substrate
is exposed by said patterned stopping layer;

(d) growing a thin layer of an insulating material on the
silicon exposed in said trenches;

(e) depositing with an adjacent inductively coupled high
density plasma a thick layer of said insulating material
on said substrate, said insulating material filling said
trenches; and

(f) chemical mechanically polishing said insulating mate-
rial to said polish stopping layer.

2. The method of claim 1 wherein:

(a) said polish stopping layer is made of silicon nitride;
and

(b) said insulating material is silicon oxide.

3. A method of trench isolation fabrication, comprising
the steps of:

(a) forming a polish stopping layer on a silicon substrate;

(b) patterning said polish stopping layer;

(c) forming trenches in said substrate where said substrate
is exposed by said patterned stopping layer;

(d) depositing with a low-bias high-density plasma a thin
layer of an insulating material on said polish stopping
layer and on exposed silicon in said trenches;

(e) depositing with a high-bias high-density plasma a
thick layer of said insulating material on said thin layer
of insulating material, said insulating material filling
said trenches; and

(f) chemical mechanically polishing said insulating mate-
rial to said polish stopping layer.

4. The method of claim 3 wherein:

(c) said polish stopping layer is made of silicon nitride;
and

(d) said insulating material is silicon oxide.
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